Abstract. The basic ideas of science are: the atomic one, the minimization of free energy, and the particle/wave duality; the latter can be distilled into three fundamental principles of Quantum Mechanics: Heisenberg, Pauli, Schrödinger principles. The universal constants  , c , and the ones associated with elementary particles and forces together with the basic laws of nature outlined above and combined with dimensional analysis allows us to obtain an "enormous amount of information"(to quote Feynman) concerning light-matter interactions, mass of nucleons, and the structure of nuclei, atoms, molecules, solids, liquids, planets, stars, dead stars, black holes, and finally, the history of the Universe.
INTRODUCTION

In the atomic idea there is an enormous amount of information about the world,
if just a little imagination and thinking are applied. R.P. Feynman Three basic ideas constitute the foundation of modern physical sciences:
1. The atomic idea, according to which everything is made of indestructible, indivisible, microscopic particles which attract each other to form composite structures.
To substantiate this idea one has to know: (a) which are the properties of these elementary particles; (b) what kind of interactions lead to their attraction, (c) what counterbalances this attraction and establishes equilibrium.
In tables 1 and 2, I present the current answers to (a) and (b) including the numbers which characterize the elementary particles and their interactions; besides these numbers, we need also two truly universal constants, the 
LAWS OF MOTION
The answers to the question "what counterbalances the overall attraction and establishes equilibrium" constitute the second and the third basic ideas:
2. The wave-particle duality (i.e. Quantum Mechanics) rescues the structures of matter from collapse by providing the kinetic energy which counterbalances the squeezing action of the interactions. 
assuming that the relation between kinetic energy k  and momentum p is the non-relativistic
, where m is the mass of the particle. In the extreme relativistic limit, where k cp   , the Heisenberg principle leads to the following inequality:
Notice that the volume V (assumed spherical) within which the particle is confined is in the denominator as 
V r
   (in the extreme relativistic case); these exponents are of critical importance: if the interaction is of the form / A r  , a kinetic energy of the form 2 / B r would dominate for small size r and, as a result, it would not allow the structure to collapse; on the other hand, if the kinetic energy is of the form / C r (as in the extreme relativistic case) the possibility of collapse cannot be ruled out (Actually, it does happen, if A C  ; recall the case of a neutron star collapsing to a black hole). The second basic principle of QM is the Pauli principle, which, for identical particles of spin 1/ 2 sharing the same volume, can be expressed as follows: b. Pauli exclusion principle: No more than two identical spin 1/ 2 particles can be in the same spatial state.
If we have N identical, spin 1/ 2 , particles sharing the volume V , one way to satisfy Pauli principle is to divide the volume V into / 2 N equal subvolumes each one of volume 2 / V N and to place only one pair (spin up/spin down) in each subvolume. This is not the most efficient way to satisfy the Pauli principle, but it produces essentially the same result as far as the total average kinetic energy is concerned. By replacing V by 2 / V N is Eqs (1a) and (1b) and adjusting the numerical factors, we obtain 
2.87
Thus Pauli's principle leads to a tremendous increase i in the minimum kinetic energy of a system of N identical spin 1/ 2 particles sharing the same volume V .
The third basic principles of QM, which I shall call Schrödinger's principle, states that the first excited level of a particle of mass m confined in a volume V is higher than its ground state energy by a non-zero amount  given, is the non-relativistic case, by
where 1 c is a numerical constant of order unity. One can hardly overestimate the importance of these three principles for the structure of all kind of matter. Eq. (2a) secures the existence of the World as we know it by preventing the collapse of all matter to one or more black holes and by establishing equilibrium when the squeezing pressure, int P , of the interactions becomes equal to the expanding pressure, k P , of the quantum kinetic energy. Eq. (3) makes sure that this equilibrium is stable even in the presence of temporary external finite perturbations as long as pert  is smaller than  ; this, e.g., explains the admirably predictable physicochemical behavior of atoms in various environments; on the other hand, this stability is not absolute as to exclude changes; on the contrary, the possibility of changes is incorporated and it is realized when pert    .
The third basic idea quantifies the equilibrium condition by generalizing the equation Under the common conditions of constant external pressure, ext P , and constant external temperature, ext T , the equilibrium corresponds to the minimum of the Gibbs free energy G , where
S is the entropy of the system, and t ext E P V  is the enthalpy H . When ext P , ext T are negligible, the equilibrium corresponds to the minimization of the total energy t E .
INTERACTIONS OF ELECTROMAGNETIC (EM) FIELDS WITH MATTER
Photons in equilibrium
Consider first photons being confined in a large cavity of volume ( ) V V   bounded by matter of temperature T . Photons come to their equilibrium state through their interaction (absorption and emission) with the surrounding matter. We would like to obtain the energy density of equilibrated photons at temperature T . Obviously this energy density would depend on T (through the combination B k T , where B k is Boltzmann's constant; in nature T always appear through the product B k T ); it would depend also on c and  since c and  are the only universal constants
i By a factor of the order 
The rest of the thermodynamic quantities for a photon gas in equilibrium can be obtained from the relations
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A black body is one which absorbs all the incoming EM energy flux (no reflection). Such a body being at temperature T must emit EM radiation o J per unit surface and per unit time equal to the one it receives, per unit surface and per unit time, from a photon gas at temperature T in contact and in equlibrium with the black body. o J can be calculated by integrating the normal component, j  of the received energy flux,
over half the solid angle:
o J by definition has dimension of energy per unit time and per unit surface; hence, it ought to be proportional to
Emission of radiation by an accelerating charged particle or by an oscillating dipole
For a particle of charge q and acceleration ( ) a t the EM radiated energy per unit time, I , depends on q (if 0 q  , there is no radiation), on a (if 0 a  , there is no radiation) and, of course, on c since c is the only universal constant related to EM radiation. There is only one combination of q , a , and c with dimensions of energy per unit time 
Eq. (13) can be derived also from Eq. (12) by taking into account that p q r   . Eq (13) allows us to obtain an estimate for the lifetime  of an excited atomic state which is deexcited by emitting a photon through dipole interaction. Indeed, the total energy emitted during the lifetime is I which must be equal to the energy   of the emitted photon. Hence, according to (13)
where 1 c is a numerical factor of the order of one. 
Scattering of a photon by a charged particle or a neutral atom or molecule
The scattering cross-section  of such an event is defined as the ratio / F  , where  is the number of scattered photons per unit time and F is the flux of the incoming photons:
For a charged particle mc to the electrostatic energy 2 / e q r ). Eq. (17a) can be obtained by dimensional analysis taking into account that the scattering cross-section  must depend on q (for 0 q  there is no scattering), on m (for m   there is no motion of the particle and, therefore, no scattered radiation), on c , and on   . Thus, dimensional analysis predicts for  the following expression (known as the Klein-Nishina formula)
where the function f of the dimensionless ratio 
where p a is the polarizability of the atom or the molecule. Substituting Eqs (13) and (18) in (16) 
The polarizability p a has dimensions of length cube
where 1 c is a numerical factor of the order of one, o r is the radius of the atom (or any other length characterizing the size of molecule) and
which takes into account the strongly increased response of the atom (or molecule) when the frequency  of the incoming EM field coincides with one of its eigenfrequencies / 
i.e., very close to the actual values (relative error 1.5%).
The energy of a nucleus with   A Z N nucleons
The energy of a nucleus consisting of Z protons and N neutrons is equal to 
3. The Coulomb repulsion among protons is 
From (25) we see that the kinetic energy favors / 2 N Z A   , while the Coulomb energy favors N A  . For small nuclei the kinetic energy dominates over the Coulomb energy so that N Z  . As the size A increases the Coulomb energy grows faster than the kinetic one, and, as a result, the balance tips to more neutrons than protons. The ratio / Z A can be found by minimizing the total energy (sum of Eqs. (24), (25), and (26)) with respect to Z under A const  . We obtain 1/ 3 2 / 3 1 0.0075 / 2 0.015
Notice that weak interactions allow nucleus to change neutrons to protons and vice versa until the optimum ratio / Z A (given by Eq. (27) B E E E       , where   is a small correction favoring even/even nuclei (   is for even/even nuclei and   is for odd/odd nuclei) allows us to explain several important phenomena (e.g., why the products of fission are radioactive emitting electrons as radiation  ? Why Uranium 235 is fissionable, while Uranium 238 is not? etc). (as a result of the nucleus formation) vs. the number of nucleons A . The rise of the curve for small A is due to the increased number of nucleons at the surface (where the exploitation of strong nuclear force is less effective). The rise for large A is due to the repulsive Coulomb forces. This last rise makes possible the extraction of energy by fission (i.e., by splitting the initial large nucleus to two smaller ones); it is also responsible for the non-existence of nuclei with A larger than about 240 (because then the splitting is (almost) spontaneous).
Atoms
The structure of matter from the level of atoms to the level of an asteroid (of linear dimension less than a few hundred kilometers) is dominated by only one of the four forces: the electromagnetic one; its strength is determined by the charge e (of the proton). The quantum kinetic energy, which counterbalances this force depends (according to Eq. (1a)) on the combination 2 / m  . The dominant kinetic energy will be the one with the smaller mass in the denominator, i.e., the mass of the electron, e m . The three quantities e ,  , e m define a system of units. E.g., unit of length: a by the actual radius a r of each atom. We need also to have some information regarding the atomic eigenstates, the so called atomic orbitals. The radial part of each orbital is characterized by the main quantum number n such that the extend of the orbital is roughly proportional to 2 n ; the angular part is the same as the angular part of polynomials of degree  (all terms being of degree  ) which satisfy Laplace equation; the 0   orbitals, denoted as s orbitals, do not depend on the angles; the 1   orbitals, denoted as x p , y p , z p have the angular dependence of / x r , / y r and / z r , and so on. The relative position of the energy levels which account for the structure of the periodic table can be obtained by using the results for the hydrogen and some simple physical arguments. The main results are the following:
, , , ,... and ...
Diatomic molecules
The interaction energy of the two atoms at a distance d apart can be easily shown to be 
where 1 c is a numerical factor usually a little less than one (strong bonds correspond to smaller 1 c ). The binding energy b  of the molecule is necessarily of the order of the unit of energy 2 2 / e B m a
where the numerical factor 2 c is usually less than one; it is smaller for single weak bonds and larger for strong triple bonds. The quantum of vibrational energy   will be proportional to 1/  as any harmonic vibration where 
Solids [3]
In solids, as in molecules, the atoms touch each other so that their electronic clouds could have a small overlap; this means that the equilibrium nearest neighbor 2.68 (in g/cm ) (4 / 3) 
The Debye temperature /
is approximately 6 6 7390 K, 1 
Liquids: Velocity of sea waves
This velocity must depend on the acceleration of gravity, g , which tends to restore equilibrium, possibly on the wavelength  ii , and on the depth of the sea d assumed constant (the density   of the water does not enter, since g is the same for all types of liquids). Thus we have
where dimensional analysis cannot determine the function F of the dimensional quantity kd . However, it is physically clear that in the limit 1 kd  , the depth of the sea plays no role. Similarly, in the opposite limit of 1 kd  the depth of the sea will dominate.
It turns out that the constant in both cases is equal to one. Thus ( ) F x starts as x (for 0 x  ) and ends up as 1 for x   (actually, ( ) tanh( )
/ 2 , if 1cm
The reason for the inequality 1cm   is the following: For wavelengths 1cm   , or smaller, there is another energy per unit mass (besides the gravitational one) which tends to restore equilibrium; this is the surface tension which depends on the coefficient of surface tension  , on the wavelength (or preferably on k ) and on the density, M  . Since these two potential energies per unit mass are additive, they would make two additive contributions to the square of the velocity: The surface tension coefficient can be estimated by arguments similar to the ones used in estimating the difference between nucleons on the surface and nucleons on the bulk. If we choose the reasonable value of 0.45eV/molecule for the water molecules held together by the weak hydrogen bond we find for 0.073J/m . Thus the velocity vs. wavelength for sea waves is as in Fig.2 . Since, wind can excite sea waves more efficiently when its velocity w  coincides with the sea waves velocity  , we expect short wavelength waves ( 1.7 cm   ) to be the first to be excited as the wind picks up speed and reaches the critical value of about 0.8 km/h .
Planets: How high a mountain can be?
A planet is almost spherical which means that the height max h of the highest mountain ought to be much smaller than the radius R of the planet. What forces a planet to be spherical, is, of course, the gravitational energy. This implies that in a planet the gravitational energy must be at least comparable to the electrostatic one. Hence, its size must be such that , we obtain
